Summary. The 
Introduction
In recent years, there has been increasing concern about the possible deleterious effects of environ¬ mental factors on sperm quality. Amongst others, cigarette smoke is one factor which can theoreti¬ cally influence male fertility in several ways. Suggested mechanisms include mutagenic effects of aromatic hydrocarbons (Kier et al, 1974) , toxic effects of heavy metals such as cadmium (Ostergaard, 1977) , reduced availability of haemoglobin due to carbon monoxide (Kaufman et al, 1983) , accumulation of radioactive particles in the testes (Ravenkolt, 1982) and toxic effects of nicotine (Mattison, 1982) . Unfortunately, the results of several studies in this area have been contradictory (Table 1) . In some studies, no relation could be demonstrated between tobacco consumption and sperm quality whilst in other reports, an association has been described between smoking and low sperm count, a relatively higher proportion of abnormal spermatozoa and reduced sperm motility (Table 1) . In one study, enhanced sperm movement has been associated with smoking, at least within the first hour of ejaculation (Saaranen et al, 1987) .
This article examines the relationship between the smoking habits of men under fertility investi¬ gation and their sperm quality. Unlike the majority of earlier studies, sperm motility was assessed objectively by laser-Doppler spectroscopy. Furthermore, the spermatozoa from randomly selected individuals were also subjected to flow cytometry (Clausen et al, 1982) to ascertain whether the inhalation of cigarette smoke was associated with disturbances in the condensation and distribution patterns of sperm DNA. (Purvis et a!, 1989a, b) . At least 5 replicate measurements were made on each sample. The mean coefficients of variation were 50%, 2-4%, 4-6% and 1-3% for % motility, average velocity, % progressive and progressive velocity, respectively.
Immediately after liquefaction, the viscosity of the semen samples was assessed by calculating the time (in sec) for drop formation to occur from a capillary of standard size. Aliquants of the sample were also subjected to vital staining using eosin Y and nigrosin as described by Blom (1950) and stained with Harris' haematoxylin for the assessment of morphology as recommended by the WHO (1980) . Sperm counts were carried out using a Bürker chamber after diluting and immobilizing the spermatozoa in 5% (w/v) chloramine (1:10).
After centrifugation at 1500# for 10 min, the seminal fluid was separated from the sperm cells and both fractions were stored at -70°C. From the samples with poor sperm quality, sperm cell pellets from non-smokers and heavysmokers were randomly selected. After thawing, the sperm cells were suspended in saline (2 ml) and fixed with absolute alcohol to a final concentration of 70% before DNA flow cytometry.
DNA flow cytometry. The fixed samples were washed with saline and stained with a combination of the fluorochromes ethidium bromide (25 pg/ml in 0-1 M-Tris, pH 7-4) and mitramycin (50 pg/ml in distilled water with 2-5% ethanol and 7-5 mM-MgCl2) (Clausen et a!, 1982) . The stained cells were analysed after storage at 4°C for 12 h but could be stored for several days without alteration in the DNA fluorescence pattern. DNA fluorescence was measured in a mercury lamp based Argus 100 flow cytometer (Scatron A/S, Tranby, Norway). Lymphocytes were used as a diploid DNA standard. The peak areas under the DNA profile corresponding to normal and abnormal levels of DNA condensation were quantitated by planimetry and expressed as a percentage of the total profile (Fig. 1) . The distribution of non-smokers, moderate and heavy smokers were the same in men with normal sperm quality and in men with poor sperm quality ( Table 3 ).
The sperm DNA condensation pattern was studied in heavy smokers ( > 15 cigarettes daily) and in non-smokers who had subnormal sperm quality. Although some of the sperm samples showed disturbances in DNA distribution, there was no evidence that these abnormal profiles could be related to cigarette smoking (Table 4) . Moreover, the average sperm quality of these groups was comparable with regard to sperm count, the proportion of abnormal cells, and the degree of progressive movement (data not presented).
Discussion
The effect of smoking on sperm quality has been the subject of a large number of articles over the last decade. However, their findings have largely been contradictory ( Table 1 ). The reasons for (Freund, 1966) and it is only in relatively recent years that the routine assessment of sperm motility has been carried out by objective means. There is considerable variation in the number of observations in each study (from 26 to more than 900 persons examined). Moreover, the study subjects had varied backgrounds: healthy men with¬ out fertility problems, sperm donors and men under fertility investigation. However, in the most comprehensive studies, with respectively 964 and 626 observations (Nebe & Schirren, 1980; Dikshit et al, 1987) (Purvis et al, 1989b ).
In one recent study, it was concluded that smoking may worsen the sperm quality of men who already were, for some other reason, subfertile (Rantala & Koskimies, 1987 
